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GLOSSARY

The following are definitions of selected symbols as they are used in this report; they are not necessarily
the only valid definitions for these symbols.

A Drainage area (in square miles)--The drainage area that contributes surface runoff to a
specified location on a stream, measured in a horizontal plane. Computed (by planimeter,
digitizer, or grid method) from U.S. Geological Survey 7.5-minute topographic quadrangle
maps. Sewer maps may be necessary to delineate drainage area in urban areas because sewer
lines sometimes cross topographic divides.

BDF  Basin-development factor--A measure of basin development that takes into account channel
improvements, impervious channel linings, storm sewers, and curb-and-gutter streets. It is
measured on a scale from O (little or no development) to 12 (fully developed). See
pages 23-27 of this report for a more complete description and method of computation.

d  Duration of a maximum flood-volume or maximum rainfall event (in hours).

D  Duration of a simulated flood hydrograph (in hours).

dRFrt d-hour T-year rainfall (in inches)--Maximum rainfall having a d-hour duration and T-year
recurrence interval, Determined from U.S. Weather Bureau Technical Paper 40
(U.S. Department of Commerce, 1961).

dVt  d-hour T-year flood volume (in millions of cubic feet)--Maximum flood volume having a
d-hour duration and T-year recurrence interval. Computed from frequency analysis of
synthetic annual peak-volume data, or estimated from multiple-regression equations
presented in this report.

EL  Average basin elevation index (in thousands of feet above sea level)--Determined by
averaging main-channel elevations at points 10 and 85 percent of the distance from a
specified location on the main channel to the topographic divide, as determined from
U.S. Geological Survey 7.5-minute topographic quadrangle maps.

IA  Impervious area (in percent)--That part of the drainage area covered by impervious surfaces
such as streets, parking lots, buildings, and so forth.

L  Main-channel length (in miles)--Distance measured along the main channel from a specified
location to the topographic divide, as determined from U.S. Geological Survey 7.5-minute
topographic quadrangle maps.

LT Basin lagtime (in hours)--Time elapsed from the centroid of the rainfall excess (rainfall
contributing to direct runoff) to the centroid of the resultant runoff hydrograph. LT for urban
basins may be estimated from a multiple-regression equation presented in this report.

P Average annual precipitation (in inches)--Determined from Ohio Department of Natural
Resources Water Inventory Report No. 28 (Harstine, 1991).

Q  Discharge (in cubic feet per second).

Q, Peakdischarge (in cubic feet per second)--The maximum discharge of an observed or
simulated flood hydrograph.

Qr  Peak discharge (in cubic feet per second)--Peak discharge with recurrence interval of T years.

RQt  Rural peak discharge (in cubic feet per second)--The estimated rural peak discharge with
recurrence of T years, as computed from regionalized regression equations developed by
Koitun and Roberts (1990).

SEP  Average standard error of prediction (in percent)--An approximation of the error associated
with estimating a streamflow characteristic of a site not used in the regression analysis.

SER  Average standard error of regression (in percent)--A measure of the error associated with
estimating a streamflow characteristic of a site used in the regression analysis.

Glossary Vil



SL

ST

UQr

vQ,

vVQr®

VQr

Main-channel slope (in feet per mile)--Computed as the difference in elevations (in feet) at
points 10 and 85 percent of the distance along the main channel from a specified location on
the channel to the topographic divide, divided by the channel distance (in miles) between the
two points, as determined from U.S Geological Survey 7.5-minute topographic quadrangle
maps.

Storage area (in percent)--That part of the contributing drainage area occupied by lakes,
ponds, and swamps, as shown on U.S. Geological Survey 7.5-minute topographic
quadrangle maps. Temporary storage as a result of detention basins or ponding upstream of
roadway embankments is not included.

Time (in hours).

Recurrence interval (in years)--The average interval of time within which a given hydrologic
event will be equaled or exceeded once.

Urban peak discharge (in cubic feet per second)--The synthetic or estimated urban peak
discharge with recurrence interval of T years; computed from flood-frequency analysis of
synthesized long-term annual peak discharge data, or estimated from the regression
equations presented in this report.

Volume of hydrograph having peak discharge Q,, (in cubic feet)--The total flood volume
computed by numerically integrating the total area under a simulated hydrograph with peak
discharge Q,. VQ,, may also be directly computed for the Georgia dimensionless hydro-
graph (Inman, 1987) using an equation presented in this report.

Cumulative volume at time t (in cubic feet)--Computed by numerically integrating

the area of a simulated hydrograph from time zero to time t.

Hydrograph volume of Q (in cubic feet)--The total flood volume computed by

integrating the area under a simulated hydrograph having a peak discharge with a

T-year recurrence interval (Q).

Glossary
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Estimation of Peak-Frequency Relations, Flood
Hydrographs, and Volume-Duration-Frequency
Relations of Ungaged Small Urban Streams in Ohio

By James M. Sherwood

Abstract

Methods are presented to estimate peak-
frequency relations, flood hydrographs, and
volume-duration-frequency relations of urban
streams in Ohio with drainage areas less than
6.5 square miles. The methods were developed
to assist planners in the design of hydraulic
structures for which hydrograph routing is
required or where the temporary storage of
water is an important element of the design
criteria. Examples of how to use the methods
also are presented.

The data base for the analyses consisted of
5-minute rainfall-runoff data collected for a
period of 5 to 8 years at 62 small drainage
basins distributed throughout Ohio. The U.S.
Geological Survey rainfall-runoff model A634
was used and was calibrated for each site. The
calibrated models were used in conjunction
with long-term (66-87 years) rainfall and evap-
oration records to synthesize a long-term series
of flood-hydrograph records at each site. A
method was developed and used to increase the
variance of the synthetic flood characteristics
in order to make them more representative of
observed flood characteristics.

Multiple-regression equations were
developed to estimate peak discharges having
recurrence intervals of 2, 5, 10, 25, 50, and
100 years. The explanatory variables in the
peak-discharge equations are drainage area,
average annual precipitation, and basin-
development factor. Average standard errors
of prediction for the peak-frequency equations
range from +34 to +40 percent.

A method is presented to estimate flood
hydrographs by applying a specific peak
discharge and basin lagtime to a dimensionless

hydrograph. An equation was developed to
estimate basin lagtime in which main-channel
length divided by the square root of the main-
channel slope (L/VSL) and basin-development
factor are the explanatory variables and the
average standard error of prediction is

+53 percent. A dimensionless hydrograph
originally developed by the U.S. Geological
Survey for use in Georgia was verified for use
in urban areas of Ohio.

Multiple-regression equations were
developed to estimate maximum flood volumes
of d-hour duration and T-year recurrence
interval (dVp). Annual maximum flood-
volume data for all combinations of six
durations (1, 2, 4, 8, 16, and 32 hours) and six
recurrence intervals (2, 5, 10, 25, 50, and
100 years) were analyzed. The explanatory
variables in the resulting 36 volume-duration-
frequency equations are drainage area, average
annual precipitation, and basin-development
factor. Average standard errors of prediction
for the 36 dV T equations range from +28
percent to +44 percent.

Step-by-step examples show how to
estimate (1) peak discharges for selected
recurrence intervals, (2) flood hydrographs and
compute their volumes, and (3) volume-
duration-frequency relations of small ungaged
urban streams in Ohio. Volumes estimated by
use of the volume-duration-frequency
equations were compared with volumes
estimated by integrating under an estimated
hydrograph. Both methods yield similar results
for volume estimates of short duration, which
are applicable to convective-type storm runoff.
The volume-duration-frequency equations can
be used to compute volume estimates of long

Abstract 1



and short duration because the equations are
based on maximum-annual-volume data of
long and short duration. The dimensionless-
hydrograph method is based on flood
hydrographs of average duration and cannot be
used to compute volume estimates of long
duration. Volume estimates of long duration
may be considerably greater than volume esti-
mates of short duration and are applicable to
runoff from frontal-type storms.

INTRODUCTION

Accurate estimates of flood characteristics
are required for the efficient and safe design of
riverine structures such as bridges and culverts.
Estimates of flood-peak discharges may be the
main consideration for designs where flood
flows are required to pass through the structure
with minimal detention storage upstream from
the structure. If detention storage is a primary
consideration, the designer also may require
accurate estimates of the shape of the flood
hydrograph and the magnitude of flood vol-
umes having specific recurrence intervals.
Stringent stormwater-management regulations
(Ohio Department of Natural Resources, 1981)
and rising construction costs have increased the
importance of detention storage as a design
consideration. For example, stormwater man-
agement guidelines may require a reduction in
peak discharge to lessen the effects of flooding
downstream. In addition, construction of a
smaller diameter culvert could significantly
reduce costs at sites where sufficient detention
storage can be provided to allow adequate stor-
age of water during large-volume floods.

The estimated peak discharge and corre-
sponding estimated flood hydrograph may be
all the information needed for design situations
in which some storage is required but is not
considered to be a critical factor. Estimated
flood hydrographs also provide a means of
routing floods with specific design peak dis-
charges through a hydraulic structure, so that
outflow peak discharges may be estimated. In

situations where the design peak outflow is
required or desired to be considerably less than
the design peak inflow, a significant volume of
water must be temporarily stored upstream of
the structure. In this case, an estimate of vol-
ume for a design duration is needed.

The volume computed by integrating the
design discharge hydrograph is frequently used
as an estimate of volume. The dimensionless
hydrographs used to estimate design hydro-
graphs are usually developed from observed
flood hydrographs having relatively high peak
discharges and approximately average dura-
tions. Consequently, when a flood hydrograph
is estimated by use of a dimensionless hydro-
graph, the result is a sharp-crested, approxi-
mately average-duration hydrograph with a
smaller volume than that for a hydrograph
having the same peak discharge but longer
duration. Development of a longer-duration
dimensionless hydrograph, which would con-
tain more volume, is not feasible because of the
high degree of variability in the shapes of long-
duration hydrographs. Furthermore, the actual
shape of the hydrograph becomes less impor-
tant in the design of a detention basin having a
relatively small outlet and large storage capac-
ity. It is more important to estimate the relation
between inflow volume and time. This rela-
tion, in combination with an estimate of the
relation between outflow volume and time, can
be used to estimate the relation between the
required storage volume and time.

The objective of this study is to develop
multiple-regression equations for estimating
relations between volume, duration, and fre-
quency at ungaged small urban streams in
Ohio. This objective is accomplished by apply-
ing techniques developed and data collected as
part of a concurrent rural volume-duration-
frequency study (Sherwood, 1993). The data
base for the analyses includes rainfall-runoff
data collected at 30 urban sites from a previous
study (Sherwood, 1986) and 32 rural sites from
the concurrent rural volume-duration-frequency
study.

Estimation of Peak-Frequency Relations, Flood Hydrographs, and Volume-Duration-Frequency Relations

2 of Ungaged Small Urban Streams in Ohio



In the early stages of this study, a method
was developed which should improve the
accuracy of synthetic flood-frequency data. It
was subsequently decided to revise the
previously published urban peak-frequency
data (Sherwood, 1986) on the basis of this new
method and develop and publish revised urban
peak-frequency equations as part of this study.
All three studies were conducted by the U.S.
Geological Survey in cooperation with the
Ohio Department of Transportation and the
U.S. Department of Transportation, Federal
Highway Administration.

Purpose and Scope

This report summarizes the methods of
data collection and analysis used in this study,
presents revised equations for estimating peak-
frequency relations, and presents new equa-
tions for estimating volume-duration-frequency
relations for small, ungaged urban streams in
Ohio. A method of estimating flood hydro-
graphs by applying estimated basin lagtime and
peak discharge to a dimensionless hydrograph
also is presented. This report supersedes the
previous urban runoff report (Sherwood, 1986).

Examples of how to use the equations and
how to estimate flood hydrographs also are
presented. The equations and methods
developed for this study are based on 5-minute
rainfall-runoff data collected for a period of 5
to 8 years at 62 small (less than 6.5 square
miles) basins distributed throughout Ohio. The
equations and methods presented are
applicable to small urban streams in Ohio
whose basin characteristics are similar to the
basin characteristics of the 62 study sites.

Previous Work and Approach to This Study

The work of previous investigators was
used to evaluate and select the most appropriate
approach to use in developing methods of
estimating the following three flood
characteristics addressed in this study.

1. Peak discharge having a specific
recurrence interval.--For example,
a 100-year flood theoretically would
occur an average of once every
100 years, or have a 1-percent
chance of occurrence in any given
year.

2. Flood hydrograph having a specific
peak discharge.--For example, the
50-year flood hydrograph is a plot of
discharge against time, in which the
peak discharge has a 50-year
recurrence interval.

3. Flood volume having a specific dura-
tion and recurrence interval.--For
example, a 4-hour, 100-year volume
is the maximum flood volume during
a 4-hour period that, theoretically,
would occur an average of once
every 100 years.

A technique exists for estimating flood
hydrographs in which estimated peak discharge
and estimated basin lagtime are applied to a
dimensionless hydrograph. The technique has
been successfully applied on a national scale
(Stricker and Sauer, 1982) as well as in several
statewide studies (Inman, 1987; Robbins,
1986; Sherwood, 1986) and a rural volume
study in Ohio (Sherwood, 1993). For this
study, the development of a method to estimate
flood hydrographs consisted of (1) the use of
equations developed as part of this study to
estimate peak discharge; (2) the development
and use of an equation to estimate basin lagtime
for small urban streams, and (3) the verification
of a previously developed dimensionless
hydrograph for use on small urban streams in
Ohio.

Development of a method to estimate
flood volumes as a function of duration and
recurrence interval, which was initially
proposed for a study of 32 small rural streams
in Ohio (Sherwood, 1993), was expanded to

Introduction 3



include data from 30 small urban Ohio streams.
Streamflow data for the 62 small basins were
used in this study to develop multiple-
regression equations for estimating flood
volumes for specific durations and recurrence
intervals. Six durations (1, 2, 4, 8, 16, and

32 hours) and six recurrence intervals (2, 5, 10,
25, 50, and 100 years) were analyzed, and

36 equations for estimating volume-duration-
frequency relations were developed. By
applying these equations to a design situation in
which storage is an important element of the
design criteria, the volume of inflow for several
durations may be estimated to develop a curve
relating inflow volume to duration. A
theoretical maximum-volume hydrograph
based on the volume-duration data may be
constructed. This hydrograph may be used to
develop a relation between inflow volume and
time. These data can then be used with a
volume-elevation curve for the detention basin
and an outflow-elevation curve for the outlet to
develop a curve relating outflow volume to
time. The outflow volume curve can then be
subtracted from the inflow volume curve to
yield a curve showing the relation between
detention-storage volume and time. This curve
will show the maximum detention storage that
might be expected for the specific outlet size,
detention-basin size, and the estimated flood
characteristics. Maximum detention storage
calculations for various combinations of outlet
size and detention basin size will aid in
optimization of the overall design in terms of
safety, cost, and efficiency.

DATA COLLECTION

Rainfall and streamflow data were
collected at 5-minute intervals at 30 small
urban basins for periods ranging from 5 to
8 years (fig. 1, table 1). These data were used
to calibrate a rainfall-runoff model for each
site. Sites were chosen in basins where no
change in the level of urban development was
anticipated for the study period. Rainfall and

runoff data and calibrated rainfall-runoff
models from a concurrent rural volume study
were available for 32 rural sites (fig. 2, table 2).

All data are stored in the U.S. Geological
Survey's WATSTORE computer data base
(National WATer Data STOrage and REtrieval
System) (Hutchinson, 1975).

Synthesized volume data from all 62 rural
and urban sites were used for the volume-
duration-frequency analysis. Flood volumes
generally are not as affected by urbanization as
are peak discharges, basin lagtimes, and shapes
of flood hydrographs. The rates of runoff may
be greatly increased due to urbanization
because of the effect of decreased roughness on
overland and in-channel flow velocities. The
volumes of runoff also may be increased, but
generally to a lesser extent than the increase in
rates of runoff. The increase in volumes of
runoff is a result of increased impervious areas
(decreased infiltration) that coincides with
urbanization. The effects of urbanization on
flood volumes is diminished for large floods of
long duration. For large floods of long
duration, soils become saturated (reducing
infiltration rates), minimizing the relative
influence of impervious areas on flood
volumes. Consequently, it was considered
reasonable to merge the synthesized volume
data from all 62 rural and urban sites for the
volume-duration-frequency multiple-
regression analyses with an urbanization
indicator variable to account for the effects of
urbanization on runoff volumes of short
duration. Because of the significant effects of
urbanization on the rates of runoff, however,
data from only the 30 urban sites were used in
the peak-frequency analyses, basin lagtime
analyses, and dimensionless hydrograph
verification. The following section describes
the data-collection methods for the 30 urban
study sites. The data-collection methods for
the 32 rural study sites are very similar and are
described in Sherwood (1993).

All streamflow-gaging stations were
located at culvert sites where reliable
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Table 1. Station numbers, station names, Table 2. Station numbers, station names,

latitudes, and longitudes of 30 urban study latitudes, and longitudes of 32 rural study
sites in Ohio sites in Ohio
Station Lati- Longi- Station Lati- Longi-
number Station name tude tude number Station name tude tude
03258520 Amberly Ditch near Cincinnati . 39°11'31" 84°25'44" 03115596 Bames Run at Summerfield .. .. 39°47'18" 81°21'08"
03238790 Anderson Ditch at Cincinnati .. 39°04'14" 84°22'51" 04196825 Browns Run near Crawford. .. .. 40°53'13" 83°20'15"
03098900 Bunn Brook at Struthers . ... .. 41°03'05" 80°36"28" 03235080 Bull Creek near Adelphi....... 39°27'11" 82°46'46"
03098350 Charles Ditch at Boardman . ... 41°00'43" 80°39'44" 04180907 Carter Creek near New Bremen . 40°26'16" 84°19'43"
03236050 Coalton Ditch at Coalton . ... .. 39°06'36" 82°36'44" 03123060 Cattail Creek at Baltic......... 40°27'12" 81°42'01"
03228950 Dawnlight Ditch at Columbus .. 40°00'51" 82°56'46" 03113802 Chestnut Creek near Bamesville. 39°56'50" 81°0925"
03260095 Delhi Ditch near Cincinnati ... 39°05'48" 84°3723" 03148395 Claypit Creek near Roseville. . . . 39°5028" 82°04'15"
04208640 Dugway Brook at Cleveland 04201302 Delwood Run at Valley City ... 41°14'15" 81°55'18"

Heights. .................. 41°30'35" 81°34'06"

03237198 Duncan Hollow Creek near

04208680 Euclid Creek Tributary at McDemott ............... 38°52'29" 83°03'37"

Lyndhurst ................ 41°31'52" 81°30'14"

03123400 Dundee Creek at Dundee . ... .. 40°35'35" 81°36'13"

03221450 Fishinger Creek at Upper

Arington ................ 40°01'48" 83°05'12" 03237315 Elk Fork at Winchester........ 38°56'49" 83°3721"
03226900 Fishinger Road Creck at Upper 03159537 Elk Runnear Alfred .......... 39°09'41" 81°57'47"

Adington ................ 40°01"25" 83°02'40"

03120580 Falling Branch at Sherrodsville . 40°3028" 81°1425"
03241850  Gentile Ditch at Kettering  .... 39°42'47" 84°08'56"

04201895 Fire Run at Auburn Comners . . . . 41°23'36" 81°12'56"
04200800 Glen Park Creek at Bay Village 41°29'09" 81°54'46"

03263171 Harte Run near Greenville . .. .. 40°08'41" 84°36'41"
04193900 Grassy Creek at Perrysburg ... 41°3320" 83°36'45"

04210100 Hoskins Creek at Hartsgrove ... 41°36'00" 80°57'12"
03159503 Home Ditch at Athens ....... 39°20'06" 82°04'43"

04186800 King Run near Harrod. ........ 40°43'56" 83°53'47"

04176870  Ketchum Ditch at Toledo ... .. 41°42'39" 83°35'45"
03267435 Kitty Creek at Terre Haute . ... 40°03'09" 83°52'57"

04208685 Mall Run at Richmond Heights . 41°32'35" 81°29'54"

03223330 March Run near West Point . ... 40°37'55" 82°45'56"
03227050 Norman Ditch at Columbus . ... 39°59'35" §3°02'02"

04183750 Racetrack Run at Hicksville . ... 41°18'58" 84°46'00"
04208580 North Fork Doan Brook at

Shaker Heights ............ 41°28'57" 81°32'34" 04192900 Reitz Run at Waterville ....... 41°29'50" 83°4235"
03116150 Orchard Run at Wadsworth ... . 41°01'52" 81°44'03" 04198019 Sandhill Creek near
Monroeville .. ............. 41°12'13" 82°42'56"
04187700 PikeRunatLima............ 40°46'06" 84°06'57"
03205995 Sandusky Creek near
03115810 Rand Run at Marjetta ........ 39°24'48" 81°25'44" Burlington ................ 38°25'03" 82°30'36"
03226860 Rush Run at Worthington. . .. . . 40°05'41" 82°59'56" 03150602 Second Creek near Marietta ... 39°27'36" 81°26'24"
04176880 Silver Creek at Toledo . ....... 41°42'58" 83°35'08" 03144865 Slim Creek at Kirkersville . .... 39°56'51" 82°36'13"
03256250  Springfield Ditch near 03237120 Stone Branch near Peebles ... .. 38°57'03" 83°2229"
Cincinnati ................ 30°13'48" 84°31'16"

04191003  Stripe Creek near Van Wert .. .. 40°5429" 84°33'43"
03115995 Sweet Henri Ditch at Norton . .. 41°01°27" 81°38'13"
03238285 Sugar Run near New Market ... 39°0630" 83°40'36"

04176890  Tifft Ditch at Toledo ......... 41°41'55" 83°37'53"
03219849 Tombstone Creek near
04207110  Tinkers Creek Tributary at Marysville ................ 40°12'42" 83°18'15"
Twinsburg ................ 41°19'30" 81°28'47"

03272695 Trippetts Branch at Camden . .. 39°38'03" 84°39'08"
03271295 Whipps Ditch near Centerville . 39°39'18" 84°10'10"

03241994 TwistRunatXenia .......... 39°39'53" 83°56'00"
03259050 Wyoming Ditch at Wyoming. .. 39°14'00" 84°2926"

03158102 Wolfkiln Run at Haydenville . . . 39°28'35" 82°18'51"

Estimation of Peak-Frequency Relations, Flood Hydrographs, and Volume-Duration-Frequency Relations
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theoretical culvert ratings could be established.
Stage at each site was sensed by a float-
counterweight mechanism in a stilling well and
was recorded by a digital recorder. The stilling
well was positioned at the upstream end of the
culvert. Data from a crest-stage gage mounted
at the downstream end of the culvert was used
to verify that there was no backwater at the
culvert outlet. Stage recorders were installed
downstream of culverts at five of the 30 sites
because of the occurrence of backwater. Stage-
discharge relations were developed for each
site by use of procedures outlined by Bodhaine
(1968), in which discharges for a full range of
stages are computed indirectly by application
of continuity equations and energy equations.
Discharge measurements were made by means
of a current meter in order to better define the
stage-discharge relations at low to medium
discharges. Measurements were made at high
flows whenever possible to provide data
required to calibrate and verify the stage-
discharge relations for medium to high flows.

Rainfall was recorded at each site by a
second digital recorder housed in a steel shelter
with a 50-square-inch rainfall collector on top.
The shelter was mounted on a 3-inch-diameter
aluminum float well which served as a
reservoir for the collected rain. A draintube
inside the shelter conveyed rain from the
collector to the float well. The rain gage was
installed at the site of the streamflow-gaging
station if the rainfall would not be intercepted
by surrounding trees. Otherwise, the rain gage
was installed at an unobstructed, accessible
location elsewhere within the basin. (A
photograph of a typical rainfall-runoff data-
collection station is shown in figure 3.)

Total daily rainfall data were recorded for all
days, and 5-minute rainfall and discharge data
were recorded for all flood events. Daily
rainfall data from a nearby National Weather
Service rainfall station were substituted during
winter periods and other periods when the
recorder was not operational. These
substitutions were necessary because the

rainfall-runoff model requires continuous daily
rainfall data in order to keep an accounting of
soil moisture between storm events.

Data were not collected during the winter
because the rainfall-runoff model used is not
capable of simulating snowmelt runoff. This
limitation was not considered significant
because most of the major storms that produce
large floods on small streams occur during the
spring, summer, and autumn in Ohio.

Daily pan evaporation, long-term rainfall
for selected storm periods, and long-term daily
rainfall also are required for model calibration
and long-term (66-87 years) synthesis. These
data were obtained from eight National
Weather Service stations (fig. 2).

ANALYSIS OF PEAK DISCHARGES
AND FLOOD VOLUMES AT
STREAMFLOW-GAGING STATIONS

The following sections on model
calibration, hydrograph synthesis, peak-
frequency analysis, and volume-duration-
frequency analysis refer to and briefly describe
several computer programs. Documentation on
the operation of the programs is contained in a
user's guide by Carrigan and others (1977).

Calibration of a Rainfall-Runoff Model

Calibrated rainfall-runoff models
frequently are used to synthesize long-term
runoff records from long-term rainfall records.
Synthesis of record significantly shortens the
data-collection period required for flood-
frequency analysis. The technique is
particularly well suited to urban studies for
which a shorter data-collection period can
minimize problems associated with changing
levels of urbanization.

The U.S. Geological Survey rainfall-
runoff model (computer program A634) used
for this study was developed by Dawdy and
others (1972) and was enhanced by Carrigan
(1973), Boning (1974), and Carrigan and

Estimation of Peak-Frequency Relations, Flood Hydrographs, and Volume-Duration-Frequency Relations
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Table 3. Rainfall-runoff model parameters
[Dash in units column indicates dimensionless parameter]

Param- Units Definition

eter

Antecedent soil-moisture accounting
component

BMSM inches Soil moisture storage volume at field
capacity.

EVC - Coefficient to convert pan evapor-
ation to potential evapotranspiration.

RR - Proportion of daily rainfall that
infiltrates the soil.

DRN inches per The constant rate of drainage for

hour redistribution of soil moisture

Infiltration component

PSP inches Minimum value of the combined
action of capillary suction and soil
moisture differential.

KSAT inches

per hour

Minimum saturated hydraulic con-
ductivity used to determine soil
infiltration rates.

RGF -- Ratio of combined action of suction
and potential at wilting point to that
at field capacity.

Surface-runoff routing component

KSW hours Linear reservoir routing coefficient.

TC minutes Duration of the triangular translation
hydrograph (time of concentration).

TP/TC -- Ratio of time to peak to time of

concentration.

three parameters (KSW, TC, TP/TC) and uses
the Clark unit-hydrograph method to transform
the rainfall excess into the outflow hydrograph.

Maximum and minimum values were set
for each of the 10 parameters. Then, within
these ranges of values, the parameters were
optimized by use of an automatic trial-and-
error optimization routine based on a method
devised by Rosenbrock (1960).

The model was calibrated for each site in
three steps. In the first step, the parameters
controlling simulated volume (BMSM, EVC,
RR, DRN, PSP, KSAT, RGF) were optimized,
while the values of the parameters controlling
hydrograph shape (KSW, TC, TP/TC) were
held fixed. In step two, the shape parameters
were optimized, while the volume parameters
were held fixed. In step three, the parameters
optimized in step one were readjusted to
improve fit of simulated peaks to observed
peaks. All events were used in the initial
calibration.

After initial calibration, selected rainfall-
runoff events were excluded from further
calibrations on the basis of the following
criteria:

1. Many small events were excluded
from model calibration to achieve
a more even distribution of small
and large events. This was
accomplished by excluding most
events below a specified minimum
peak-discharge threshold. Inclusion
of too many small events would
give too much weight to small
events in the calibration process.
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